Plant Breeders Rights (PBRs) are sui generis IPRs intended to promote plant variety creation. Two characteristics distinguish PBRs from patents: the research and the farmers' exemptions. This article attempts to assess the impact of these exemption rules on the private value of PBRs. For this purpose, a microeconometric model of PBRs renewals is developed and estimated. This model extends previous models of patents renewals by allowing the use of PBRs-specific variables. It is argued that simple tests on the coefficients associated to key PBRs-specific variables can provide insights into the impact of the two exemption rules. Implementation to PBRs in France over the period 1973-2011 for six major crops suggests that neither the farmers' exemption nor the research exemption have a clear cut effect on the private value of PBRs. We conclude that there is no evidence to argue in favor of a reform of PBRs.
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A noticeable factor of agricultural productivity growth is innovation in plant variety creation, also known as plant breeding (Evenson, 2001) . Like any other innovative activity, plant breeding is subject to an appropriability problem of return on R&D investment by investors. Consequently, the socially detrimental disconnection between private and social returns on R&D, highlighted by Arrow (1962) and Dasgupta and Stiglitz (1980) , also appears in the seed sector. Moreover, plant variety creation relies intrinsically on incremental innovation. Therefore, while some countries consider that patents are relevant to provide proper incentives to invest in plant variety creation, other countries have rather established sui generis Intellectual Property Rights (IPRs), namely Plant Breeders' Rights (PBRs). A PBR gives exclusive rights on production/reproduction and commercialization that relate to exclusive rights given by a patent. Nevertheless, PBRs differ from patents due to several exemption rules.
The first one is research exemption which allows any innovator to use protected varieties to create a new variety without the agreement of the holder. A much more narrow and restrictive research exemption may also exist for patents, not only in favor of public labs but also in favor of private labs.
1 In the case of PBRs, research exemption is the rule, not the exception. Contrary to open research and open source software, research exemption goes with IPRs and does not preclude them. The second exemption is farmers' privilege. It is specific to the seed sector and enables farmers to use farm-saved seeds (see Lesser, 2000; Louwaars et al., 2005 , for a more detailed comparison between PBRs and patents). Both exemptions negatively affect the private returns on R&D in counterpart of higher expected social returns. The optimal choice of the regulator between patents and PBRs thus crucially depends on the significance and the magnitude of the loss of private returns on R&D induced by the two exemption rules.
The paper more specifically develops a test to assess whether the private value of IPRs on plant variety creation in countries that have preferred PBRs to patents is significantly impacted by the two exemption rules. If the private value of PBRs is not found to be significantly affected by the two exemption rules, we can conclude that the choice of PBRs is optimal. This eventuality can more specifically occur if plant variety differentiation is sufficiently high to make innovators insensitive to innovation by competitors (and thus to the research exemption) and not very sensitive to variations of the market size (and thus to the farmers' exemption).
Conversely, if the private value of PBRs is found to be significantly affected by at least one of the two exemption rules, then the loss of private return on R&D has to be balanced with social returns and a reform of the IP regime could make sense.
How large are the social returns from variety creation has been studied by several authors but is still controversial. Alston and Venner (2002) , for instance, examine the effect of PBRs on the agricultural productivity growth for wheat in the U.S. and find no evidence of a positive impact. Other authors such as Carew and Devadoss (2003) for canola in Canada or Thomson (2015) for wheat in Australia also conclude that there is no evidence of a positive impact. In an other contribution, Diez (2002) finds a positive effect of PBRs on private research. The aim of this paper is rather to assess by how much private incentives to invest in plant variety creation may be affected by the two exemption rules of PBRs. Indeed, little is known about this key element of the discussion on merits of PBRs compared to patents.
For this purpose, the paper builds on the literature that deals with the use of patent statistics to value patents (see Griliches, 1990 , for a review). PBRs statistics are, to some extent, similar to patent statistics and allow an analysis that will focus on the assessment of the value of PBRs. Indeed, as for a patent, a breeder has to pay an annual renewal fee to keep his PBR in force (excepted in the U.S.). If the breeder fails to pay, the right is permanently withdrawn and falls into the public domain.
Assuming that a breeder is a rational economic agent, he will stop to pay the renewal 3 fee if it exceeds the value obtained from keeping the PBR for an additional year.
The method for assessing the value of PBRs presented in this article is thus based on data on renewal fee schedules and on the information revealed by breeders' decisions on whether to keep their PBRs in force or not. One of the first attempt to assess the value of patents was Pakes and Schankerman (1984) with a deterministic model of renewal decisions. Their contribution focuses on five European countries before the second world war. The main result is that the somewhat arbitrarily fixed rate of decay used in the literature for the rent that accrues from the detention of a patent is far too small compared to their estimation. Schankerman and Pakes (1985, 1986) use post second world war patent statistics for three European countries and obtain a similar result (e.g. a rate of decay included between 0.07 and 0.25). Moreover, they find that the distribution of patent values is sharply skewed. Indeed, a noticeable part of the value is concentrated in the right tail of the distribution. Schankerman (1998) ameliorates the assessment of patent value by distinguishing different technology fields but his work still relies on the key assumption of a decreasing rent, net of the renewal fee. This assumption is relaxed by Pakes (1986) , Lanjouw et al. (1998) or Baudry and Dumont (2006) , who develop a real option approach to renewal decisions where the time path of the rent is stochastic. Nevertheless, this approach more or less confirms the idea that the probability of an increase of the rent is unlikely. To our knowledge, Srinivasan (2003 Srinivasan ( , 2012 is the first to adopt the model developed by Schankerman and Pakes (1986) to estimate the value of PBRs. He obtains results similar to those from the literature on patents value regarding the depreciation rate and the skewness of the distribution of values. An alternative approach is proposed by Lesser (1994) who suggests to estimate the impact of PBRs with a hedonic price method. He concludes that American PBRs have a very limited value. His approach admits some similarities with alternative methods, such as Tobin's Q methods (see Bessen, 2009; Bloom and Van Reenen, 2002; Hall et al., 2005 , for example), which are used to estimate the value of patents. A pitfall of all these works is that they do not account for observed heterogeneity at the microeconomic level. We argue that it is an important drawback if one intends to assess the loss of value generated by 4 farmers' exemption and research exemption.
Farmers' exemption distinguishes PBRs from patents and implies that only a fraction of the potential market for commercialized seeds can be captured by breeders. A contrario, a counterfactual removal of farmers' exemption is expected to influence the value of PBRs, as if the potential market had increased independently of an increase of the profitability of the crop. In order to capture such an impact, a modeling of PBRs renewal decisions that accounts for the influence of cohortspecific variables is required. The impact of research exemption cannot be assessed as directly as that of the farmers' exemption. We are inclined to think that research exemption increases the rate of decay of the rent that accrues from PBRs, due to more competitors creating new varieties around the existing ones. Research exemption thus results in an accelerated downgrading of varieties protected by existing PBRs. Consequently, it is crucial that the modeling of PBRs be consistent with the introduction of PBRs-specific variables, more specifically to variables related to the portfolio of PBRs on the same crop hold by competitors, in order to deal with research exemption. Besides the effect of exemption rules, it is also expected that other factors can impact the value of PBRs at the microeconomic level. More specifically, it is expected that the degree of specialization and of product differentiation influence the value of a given PBR. Said in other words, it is expected that the portfolio of PBRs on the same crop that a breeder holds affects the value of the PBRs embedded in this portfolio. Disregarding such a source of microlevel observed heterogeneity can bias the estimates of the rate of decay of the rent and of the impact of the profitability of the crop. By contrast with Srinivasan (2003 Srinivasan ( , 2012 , we therefore rather follow Barney (2002) , Bessen (2008) and Baudry and Dumont (2012) who adapt the model of Schankerman and Pakes (1986) Renewal data are a corner stone to assess the value of Intellectual Property Rights.
Rational agents will decide to renew their IPR if and only if the value they expect from renewing it exceeds the renewal cost. Schankerman and Pakes (1986) have shown that, under reasonable conditions regarding the dynamics of the rent and the dynamics of renewal fees, the optimal renewal decision resumes to a simple comparison between the current rent and the current renewal fee. Consequently, data on renewal decisions reveal information about the value of rents and in fine about the private value of IPRs. This key idea is developed in the first subsection.
The second subsection presents the econometric strategy used to estimate the model on microlevel data.
The value maximization problem
Like patents, PBRs confer to their holder an exclusivity right on the commercial opportunities that arise from the protected variety. The rent that accrues from this exclusivity right is denoted by R i,t where i denotes the new variety protected by the PBR and t is the age of the PBR expressed in years. A firm f can hold several PBRs on different varieties of a same crop. We denote by P f = {1, ..., N f } its portfolio of PBRs on N f varieties of the same crop and we posit that the rents associated to these different PBRs are interdependent, a configuration that typically arises in the presence of product differentiation, both horizontal and vertical. The rent from PBR i at date t then comprises two elements. The first element is the profit flow that accrues from the commercialization of variety i. The second element is the loss (or gain) in the profit flows generated by PBRs on other varieties of the same crop hold by the same firm (i.e. the variation of these profit flows compared to the portfolio P f − {i} ). These two elements depend on the composition of the portfolios P f andP f of PBRs on varieties of the same crop hold respectively by the firm f 7 and by its competitors. 2 R i,t (P f ,P f ) is generally not observed by others than the PBR holder and, in particular, is unknown to the econometrician. More precisely, R i,t (P f ,P f ) stands for the flow of revenues net of the unobserved costs of keeping the PBR alive. From year to year, the PBR holder has to pay a renewal fee C i,t , which is the observed component of the cost of renewing the PBR. Failure to pay the renewal fee implies the irreversible loss of the PBR. As will be stressed latter on, the renewal fee may vary with the age of the PBR. It may also change from one cohort of PBRs to another one, due to administrative decisions. This is reflected by the two index i and t of the renewal fee. The loss of the PBR results in the total dissipation of the associated rent. Renewing the PBR is not feasible beyond the statutory lifespan T . For the purpose of our econometric analysis, we are interested in the decision of a firm f to renew or to withdraw a given PBR conditional on the composition of its portfolio and on that of its competitors. Accordingly, the aim of the PBR holder is to determine the optimal decision rule that maximizes the value of the PBR defined as the expected and discounted sum of the rents minus the renewal fees at the different ages of the PBR. The problem that the PBR holder is facing is then formally identical to the following optimal stopping program:
where
is the discount factor for date t and r i,s is the interest rate prevailing at age s for PBR i. We assume that the PBR holder is risk neutral so that the interest rate of government bonds can be used for r i,s . The time path of the rent is unknown to the PBR holder at age t = 0 but the PBR holder is assumed to know the stochastic 2 We assume that the profit flows are independent from PBRs on varieties of other crops. Throughout the article, the concept of portfolio thus refers to a set of PBRs on different varieties of a same crop hold by a same firm, not to the wider set of PBRs on all crops hold by a same firm.
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process that generates the rent and to observe the realizations of the rent from date to date as time goes. E t stands for the operator of mathematical expectation conditional on the information at age t. From an econometric perspective, an endogeneity issue arises. Indeed, other PBRs within portfolio P f are also renewed according to an optimal stopping program similar to (1), so that the renewal decision for each PBR actually depends on the renewal versus withdrawal decision of the other PBRs that belongs to a same portfolio. This endogeneity issue will be addressed latter in the article. We are ultimately interested in assessing how the private value V i of PBR i would be impacted by a removal of farmers' exemption and a removal of inventors' exemption. For this purpose, we need to characterize the dynamics of the rent R i,t and to determine the optimal stopping rule τ * i .
Assumptions to obtain a simple decision rule
Solving optimal stopping rule programs like (1) is generally not straightforward and requires the use of stochastic calculus. Pakes (1986) has been the first to develop a real option approach to this problem in the context of patent renewal decisions.
In parallel, Schankerman and Pakes (1986) have proposed an alternative to the real option approach that relies on the fact that the rent and the renewal fees generally satisfy a convenient property discussed below.
In most cases, renewal fees for PBRs, like those for patents, increase with the age of the Intellectual Property Right (IPR). Scotchmer (1999) and Cornelli and Schankerman (1999) develop arguments, based on information asymmetries, for public authorities in charge of granting patents and/or PBRs to implement a profile of renewal fees that is increasing and convex with the age of IPRs. Together with the assumption that the rent decreases with the age of the IPR, due to competitors inventing around the protected invention, a phenomenon referred to as depreciation, there is a single crossing property of the time path of the rent with the time path of renewal fees. In other words, the holder of the IPR knows that once the rent is less than the renewal fee it will be the case forever. Consequently, there is no 9 point renewing the IPR because it will always cost more than it generates. The optimal stopping rule solving program (1) is then to renew the PBR as long as the rent exceeds the renewal fee and to withdraw the PBR as soon as the rent is below the renewal fee. This simple renewal rule due to Schankerman and Pakes (1986) is synthesized by the following proposition.
Proposition 1 If the renewal fee increases with the age of the PBR whereas the rent decreases due to depreciation, then τ * i = Inf {t ∈ {0, ..., T } ; R i,t < C i,t } is the optimal stopping time that solves the value maximization program (1).
An important consequence of Proposition 1 is that the optimal decision to renew or to withdraw a PBR relies on the current values of the rent and of the renewal fee, but does not involve any expectation of future flows of profits, future flows of costs, future interest rates and future grants or withdrawals of PBRs on the same crop.
It also explains why the approach proposed by Schankerman and Pakes (1986) has received much more attention in applied econometric works than the more general real option approach examined by Pakes (1986) or Baudry and Dumont (2006) . In most of these applied econometric contributions, unobserved heterogeneity between IPRs is generally limited to unobserved heterogeneity in the initial rent at the date of application, or the date of grant. This is consistent with their goal to measure the pace of innovation at a sectoral, or even a macroeconomic, level. Nevertheless, we need to go one step further in order to identify which key variables may affect the rent and to assess the impact of exemption rules that are applied to PBRs and make them different from patents.
Model specification
Figure 1 highlights how heterogeneity in the initial rent and heterogeneity in the depreciation rate affect the optimal decision, described in Proposition 1,to renew or withdraw a PBR. Three PBRs with different time paths of the rent are considered.
All of them face the same schedule of renewal fees that increase as the PBR ages.
The two first PBRs (with respectively the time paths corresponding to R 1 and R 2 ) have a different initial rent due to vertical and/or horizontal differentiation between the two protected varieties but they face the same changes in economic conditions and thus have the same depreciation rate of the rent. As shown by Figure   1 , the difference in the initial rent is a sufficient condition to generate a difference in lapse dates. As already stressed, the empirical literature on renewal decisions for IPRs (mainly for patents) focuses on this source of heterogeneity. In their seminal work, Schankerman and Pakes (1986) assume that heterogeneity in the initial rent is unexplained and show how to derive the probability distribution of lapse dates for a given cohort of patents from the probability distribution of the initial rent. Their model captures the influence of cohort specific variables but not the influence of patent specific variables. Srinivasan (2003 Srinivasan ( , 2012 applies their approach to the case of PBRs. This approach is not suitable if one wants, for instance, to assess by how much the rent that accrues from a PBR protecting a given variety is sensitive to the size of the portfolio of PBRs protecting other varieties of the same crop and held by the same owner. Yet, the size of this portfolio is likely to be a key determinant of the market power of the PBRs holder and, consequently, a key determinant of the level of rent that can be extracted from a specific PBR. Following what Barney (2002) and Bessen (2008) suggest for patents, we assume that the initial rent has two components. The first one is a function of observed cohort specific variables or PBR specific variables that affect the initial level of the rent. The second component is unobserved heterogeneity captured by a random term that takes positive values.
It is more convenient to assume that both of these two components, as well as the different observed variables of the first component, act multiplicatively. Indeed, the resulting specification of the initial rent guarantees that it always takes positive values. Accordingly, the initial rent R i,0 for a PBR i may be written as
where α k (k ∈ {0, ..., K}) are parameters and the x i,k (k ∈ {1, ..., K}) are variables that can be specific to the PBR and that influence the initial level of the rent. i is an i.i.d. random term that captures unobserved heterogeneity. dates. In Figure 1 , the PBR with the time path of the rent denoted R 3 has the same initial rent than the PBR with the time path R 2 but benefits from a lower depreciation rate. As a result, it is renewed for a longer period. Again, a difference in the depreciation rates can be induced by the dynamics of portfolios of PBRs owned by two PBR holders. The firm that holds the PBR with R 3 may have, for instance, been granted new PBRs on the same crop and, as a result, may have gained market power whereas the firm that holds the PBR with R 2 has not been granted new PBRs on this crop. As a result, the firm with R 3 has gained market power and is able to limit the erosion of the rent due to the arrival of new varieties whereas the firm with R 2 is passive, and thus incurs a loss of market power which induces a higher depreciation rate of the rent. In order to make this idea consistent with Proposition 1, we build on the model developed by Baudry and Dumont (2012) and postulate a logistic specification for the rate of depreciation δ i,s of PBR i at age s:
where Z i,s is a vector of variables that explain the dynamics of the depreciation rate.
β is the associated vector of parameters. It follows on that the rent R i,t of PBR i at age t is specified as
where R i,0 and δ i,s are respectively given by (3) and (4). According to (4) and (5), a positive coefficient β means that an increase in the associated variable z induces a slowdown of the depreciation of the rent and thus favors the renewal of the PBR.
The econometric model
Combining equations (5) and Proposition 1, the optimal rule for a breeder to let his PBR lapse becomes R i,0 t s=1 (1 − δ i,s ) < C i,t and can be rearranged in the following log-linearized form
The right hand side of this inequality provides a series of threshold values of the random term i , which increase with the age t, and are denoted Ω i,t . Below Ω i,t , abandonment of the PBR i at age t is optimal. Inequality (6) poses the basis for the econometric model.
The presence of the dynamic variables, altering the pace of the depreciation rate, calls for a peculiar strategy to estimate the model. If the depreciation rate was constant, the different thresholds Ω i,t would remain unchanged as the PBR ages. If, moreover, the random terms i are assumed to be log-normally distributed, then the corresponding econometric model would be an ordered Probit model like in Bessen by the passage of time. But, as the expression of Ω i,t actually involves dynamic variables, the relevant econometric model associated with the set of inequalities (6) has to account for the arrival of information. Therefore, we are interested in computing the optimal probability, P r i,t , to withdraw PBR i at age t, conditional on the fact that it has been kept in force until age t − 1. A PBR i is optimally abandoned at age t only if ln i < Ω i,t and if it has survived until the previous period, t − 1, which means that ln i ≥ Ω i,t−1 . Consequently, the probability P r i,t is defined by the difference between the cumulative distribution function of i evaluated at the two thresholds, divided by the cumulative distribution of the survival function
where Φ represents the cumulative distribution function of i whereas
is the probability to keep the PBR in force until age t − 1 and corresponds to the survival function. Notice that P r i,t is similar to the hazard rate in the literature of duration models. According to (5) and (3), in order to make sure that the rent always takes positive values, we assume that the random term i is also positive. Therefore, we postulate that the random term i is drawn from a log normal distribution.
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Given that it has not yet lapsed, the log-likelihood of renewal versus withdrawal of PBR i at age t is defined as
where v i,t equals 1 if i is kept in force at age t and v i,t equals 0 if i is withdrawn at age t. The total log-likelihood for a sample of N PBRs is obtained by summing the different L i,t over the period of life of each PBR i and summing over the different PBRs i:
where T i is the observed age of withdrawal for PBR i. The parameters estimates are obtained as the outcome of the maximization of the total log-likelihood (9).
As already outlined when commenting equation (1) 
Data and results
This section first presents the data used to estimate the model presented above.
Estimation results are then broadly discussed. Last but not least, we present a test that provides some insights into the potential impact of the two exemption rules. It is argued that the impact of farmers' exemption on the renewal decision and, as a consequence, on the value of a PBR on a variety of a specific crop, can be assessed through the impact ceteris paribus of the total acreage devoted to that crop. The test of the impact of inventors' exemption is more subtle. It is based on a joint test of the impact of a grant of a new PBR and the withdrawal of a granted PBR on the 15 same crop.
Data
The dataset on PBRs originates from the UPOV website. For each PBR granted in France, it provides information on the grant date, the withdrawal date, the nationality of the holder, the variety protected and, in the case of wheat, whether it is a winter or a spring variety. It covers the period from 1973 to 2011 for France.
We extracted data for six species: the two main cultivated grain crops in France, wheat and maize; two oilseeds, sunflower and rapeseed; one protein crop, peas; and one tuberous crop, potatoes. These crops have been chosen for two reasons. Regarding the dynamics of gross income per hectare of land used to grow the different crops, Figure 2 distinguishes between the income with and the income without CAP compensatory payments received per unit of land to offset the effects of the reduction of guaranteed minimum prices. Indeed, in the mid 1990s, a reform of the CAP has lowered guaranteed minimum prices of the main crops and has set up payments decoupled from the actual production and linked to the surface grown.
In spite of its aim to disconnect the support to farmers' income on the one hand and the level of production on the other hand, the CAP reform introduced payments differentiated by types of crops. In turn, this support has been reformed in the mid 2000s. Figure 2 clearly highlights that disregarding these compensatory payments biases, over a significant period, the measure of the profitability of the different crops. Figure 2 does not report the gross income without the compensatory payment in the case of potatoes because this payment was restricted to specific types of potatoes and we were not able to identify these types in our dataset.
Control variables for the initial rent
The variables used to explain heterogeneity in the initial value of the rent are either time invariant characteristics of PBRs or variables which value at the date of grant is a key determinant of the initial rent while their variation will affect the dynamics of the rent. Continuous variables affect the initial rent as specified in equation (3) and thus appear in a log-linear way in the threshold expression (6). Discrete variables appears in the form exp(α k x i,k ) in equation (3) and thus in a linear form in the threshold expression (6). Descriptive statistics of these variables are reported in Table 1 . The list of these variables is the following:
-Hybrid is a dummy variable that takes the value one over the period where hybrid varieties are available and the value zero otherwise. This variable is used for rapeseed only 5 . Indeed, the emergence of hybrid varieties has been anterior to the grant of the first PBR for other crops where hybrid varieties exist so that it would have taken the value one over all the period studied.
-Init. price is the initial price of the crop at the date of grant. Ceteris paribus, the higher the price of a crop is, the higher is the demand for seeds of this crop.
Consequently, the initial price of the crop is expected to have a positive impact on the initial rent. Wheat maize and potatoes varieties have a quite similar mean price (respectively 13.95e/q 14.09e/q and 15.08e/q). Sunflower varieties have the highest mean of the initial price (27.06e/q), just before rapeseed varieties and varieties of peas (respectively 22.20e/q and 20.96e/q). Price volatility is high for sunflower, potatoes, and to a lesser extent for peas, compared to other crops.
-Init. Area is the total acreage of land allocated to the crop. It measures the market size for PBRs of varieties of this crop. As such, it is expected to positively impact the initial rent for any PBR protecting a new variety of the crop. As will be detailed latter in this section, it is a key variable to test the impact of farmers' exemption. Because of the high magnitude of the variable, it has been normalized by its mean value over the whole period studied. -EU PBR is a dummy variable that takes the value one for PBRs that were already protected by a European PBR at the date of grant of the national PBR.
-PBRs Applicant is the count of PBRs on the same crop in the portfolio of the PBR holder at the date of grant of that PBR, whatever the channel used to apply for these PBRs (national or European). Like in Figure 2 , the count is limited to PBRs that are in force a the date considered. This variable may capture two opposite effects, so that its net impact on the initial value of the rent is uncertain.
On the one hand, if the portfolio already contains numerous PBRs on the same crop, the grant of a new right is more likely to signal a minor improvement than if the portfolio contains less PBRs. Then, the initial rent for an additional PBR is expected to be lower, and the size of the portfolio at the date of grant will have a negative impact on the initial rent. On the other hand, a larger portfolio of PBRs at the date of grant may reveal ceteris paribus (and more specifically for a given 20 number of PBRs, on the same crop, held by competitors) a higher market power on the market of seeds for that crop. Then, it is expected that the size of the portfolio of PBRs on the same crop at the date of grant has a positive impact on the initial rent. The average size of PBRs portfolio is higher for Maize (40 in average at the grant date) than for other crops, but it is probably due to the population size. In view of the population size, the mean is very high for rapeseed (25). The standard deviation is very close to the mean for all crops, which means that some applicants have very few rights in their portfolio whereas other may have more than hundreds.
-PBRs Competitors is similar to PBRs Applicant but for competitors. The two effects mentioned for PBRs Applicant occur but they both act negatively on the initial rent. Indeed, the larger the portfolio of PBRs on the same crop held by competitors, the more difficult it is to propose an original and innovative new variety. At the same time, it is more difficult to exercise a significant market power.
-French is a dummy variable that takes the value 1 if the PBRs' holder is French.
Indeed, a national bias may appear. It is generally alleged that a national applicant has greater incentives to keep a right in force, because the domestic market is a major market for her and/or she has a better knowledge of the domestic agricultural sector.
Approximatively half of the rights are concerned, except for wheat where it is up to three quarters and only a quarter for rapeseed.
-Spring is a dummy variable, available only for wheat, that takes the value 1 if the right protects a spring wheat variety. Only 8% of PBRs on wheat are concerned.
The underlying idea is that the market of the spring wheat is a separate market.
Control variables for the depreciation of the rent
The variables that are assumed to affect the initial rent but are not time invariant are all assumed to have their variation or their variation rate affecting the depreciation rate of the rent. The corresponding variables are the following:
-Price change is the rate of variation of the price of the crop. An increase of the price of the crop may foster the demand for seeds of newly protected varieties at the detriment of older protected varieties. Indeed, the increase of the price of crops 21 can encourage farmers to renew their seeds rather than use farm-saved seeds and/or can incentivize them to switch to the newest varieties. Both effects will increase the depreciation rate.
-Area change is the rate of variation of the total acreage of the crop. Like Price change, an increase of this variable can impact the dynamics of the rent in a positive or a negative direction. Intuitively, it is expected that an increase in acreage implies an increase of the market size for seeds and, consequently, it is intuitively expected that an increase in acreage induces a slow down of the depreciation. Nevertheless, an increase in the acreage of a crop may also result from the diffusion of new very competitive varieties that favors the conversion of land that was initially devoted to other crops. In such a case, it logically fosters the depreciation of the rent of previously granted PBRs.
-CAP 1992 change is the variations of gross income per hectare induced by the compensatory decoupled payment introduced by the CAP reform in 1992 and then gradually suppressed by the 2006 new reform.
-CAP 2006 change is a dummy variable that takes the value one for the year 2006 to take into account the revision of the CAP reform.
-vEU PBR is a dummy variable that takes the value one for the year where the PBR is protected through the European PBR system. An increase of the depreciation rate is expected, caused by the overlap of the French PBR and the European PBR.
-New Rights App. 
The last two variables play a key role to test the impact of inventors' exemption.
This point will be made more explicit later in the article. For all these variables introduced as components of the vector Z i,s in the expression (4) of the depreciation rate, a positive (respectively negative) coefficient means that an increase of the variable weakens (respectively strengthens) the depreciation of the rent. In addition to these variables, a trend is introduced. It aims at capturing the fact that the depreciation rate may vary ceteris paribus as the PBR ages. 
Results
Tables 2 to 7 display the estimation results of the PBRs renewal model for each of the six crops studied. Six versions of the model have been considered. Model 1 is a basic model where neither the initial rent nor its depreciation rate are influenced by observed exogenous variables. Differences across PBRs in terms of renewal decisions thus only rely on unobserved heterogeneity in the initial rent. The initial values of parameters µ and σ used for the numerical maximization of the log-likelihood are derived from the assumption that the depreciation rate amounts to 20% and that the value of the initial rent for each PBR is just consistent with the observed age of withdrawal. In other words, if a PBR i has been withdrawn at age τ we assume that
−τ where C i,τ is the renewal fee at age τ for PBR i. The two parameters µ and σ are then obtained as the mean and standard deviation of the distribution of the natural logarithm of R i,0 over the different PBRs. The estimated constant depreciation rate is reported in the row "Year 1". This depreciation rate substantially varies from one crop to another one. It ranges from 7.20% for potatoes to 17.97% for wheat. PBRs for Peas have a low depreciation rate (10.12%) whereas
PBRs for sunflower and rapeseed have a high depreciation rate (14.43% and 16.29%).
PBRs for maize are characterized by a medium depreciation rate (12.38%). For all crops, the estimated value of µ is close to 6 whereas more important differences are observed in terms of dispersion (parameter σ) which is relatively low for peas (at 0.8770) and high for wheat (at 1.2982). Applying formula (1), we have been able to simulate the value of each PBR in the dataset. The main features of the distribution of these values (mean value and quantiles) are reported in Table 8 . Init. Price is found to have a low (albeit positive when it is significant) impact on initial rents. A more significant positive coefficient was expected. Price change, for its part, has a significant and negative impact on the depreciation rate of the rent for wheat and for rapeseed. For these crops, an increase of the market price induces a higher depreciation rate, probably because farmers are then keen to switch to more recent (and more expensive) varieties due to more favorable economic conditions. This reverses in favor to a significant positive effect for maize and sunflower whereas the effect is not significant for peas and potatoes. The impact of the additional gross Note a, b and c mean significant at 1%, 5% and 10% respectively Log L -2247. 1674 -2214.3653 -2177.1045 -2152.2078 -2117.2337 -2092 Note a, b and c mean significant at 1%, 5% and 10% respectively Note a, b and c mean significant at 1%, 5% and 10% respectively Note a, b and c mean significant at 1%, 5% and 10% respectively Concerning the impact of PBR-specific variables, the fact that the applicant is a French firm (variable French) implies that the initial rent is significantly higher ceteris paribus for maize, sunflower, and to a lesser extent for potatoes (in Model 3 and Model 4) but significantly lower for wheat (in Models 5 and 6) and rapeseed. The initial rent is neither higher nor lower for spring wheat compared to other varieties of wheat (variable Spring in Table 2 ). According to the size and significance of the coefficient of PBRs Applicant, the market power effect seems to prevail on the minor incremental effect for wheat (Model 6) and potatoes (Model 5 and Model 6).
Conversely, the minor incremental effect seems to prevail on the market power effect in the case of maize rapeseed and potatoes, the gain in terms of a higher market power seems to be more important than the dilution effect, so that New Rights App.
weakens the depreciation rate whereas Exit Applicant strengthens the depreciation rate. Estimation results for variables New Rights Competitors and Exit Competitors deserve more comments because they do not only explain the depreciation of the rent, but their coefficients are also key coefficients to test the potential impact of a removal of exemption rules that distinguish PBRs from patent.
A test of the exemption rules
We now turn to a discussion of the way we can test the impact of exemption rules.
We focus on Model 6 that contains all the control variables because the LR tests show that the different groups of control variables significantly contribute to explain renewal decisions and, consequently, affect PBRs' values. Model 6 is preferred to
Model 5 for all crops. Indeed, δ trend is significant for all crops except rapeseed and constitutes the only difference between the two models.
The farmers' exemption rule allows farmers to self-produce seeds from their harvested crops for their own usage. For this exemption rule to affect the value of PBRs, it is required that the initial rent is sensitive ceteris paribus to the total acreage of land devoted to the crop. Indeed, a removal of the exemption rule is expected to induce a switch of farmers previously using farm-saved seeds to breeders' seeds. Consequently, if a proportion x of seeds currently used for a crop are farmsaved seeds, removing farmers' exemption potentially implies a maximum increase by 100 * (x/(1 − x))% of the market size for seeds of the crop. This is only an upper bound of the expected increase because farmers may prefer to switch to other crops rather than buying certified seeds of the initial crop. It is worthwhile stressing that the ceteris paribus clause plays a crucial role to correctly assess this effect. It is crucial to control for the price of the crop in order to distinguish between, on the one hand, an increase of the total acreage induced by an increase of the price of the crop and, on the other hand, an increase of the total acreage that occurs independently of an increase of the price of the crop. The model we have estimated allows for this distinction and is thus suitable for the test. Moreover, for farmers' exemption to matter, it is required that the initial rent is positively and significantly impacted by variations in the total acreage of the crop for an unchanged price of the crop.
This precludes the case of wheat for which Table 2 reports a negative coefficient of the variable Init. Area, whatever the model considered as well as maize peas and potatoes for which the coefficient is not significant. Indeed, the coefficient of Init.
Area directly yields the elasticity of the initial rent, and consequently of the value of PBRs, with respect to Init. Area. For the farmers' exemption to matter, it is thus required that this coefficient is significant. Another prerequisite to test the impact of a removal of farmers' exemption is that the share of farm-saved seeds for the crop is sufficiently high. This is not the case for maize and sunflower. Consequently, the focus is only on rapeseed to test the impact of farmers' exemption. Farmer's exemption seems to have no impact on all other crops. Table 9 presents detailed results on the distribution of the relative increase of the value of PBRs that would result from a removal of farmers' exemption for rapeseed. 6 The first row of the bottom part of the It actually means that varieties can be ranked unequivocally and that the rank of the PBR in interest is deteriorated to reflect the effect of ongoing innovation. Normal size numbers are the relative increase of the value of PBRs whereas small size numbers are the absolute increase of the value of PBRs of 2005 constant euros.
If we focus on estimated coefficients, the only crop that satisfies simultaneously the three conditions for inventors' exemption to matters for the value of PBRs is maize. However, as explained when introducing the test, the fact that almost all varieties of maize are hybrid casts some doubt on the ability to draw conclusions about the removal of research exemption from these results. Peas and sunflower could also PBRs, and computed the expected change for each draw of the two parameters.
The main quantiles and the mean of the empirical distribution over the different draws of parameters are reported in Table 10 . On the one hand, simulation results confirm that a slowdown in the "downgrading" of PBRs is more likely to have a positive impact than a negative impact on the expected value of PBRs for maize and, to a lesser extent, for sunflower and peas. However hybrid varieties are very common for maize so that, as already outlined, we cannot draw conclusions as regards research exemption for this crop. On the other hand, a negative impact on their expected value is more likely for PBRs protecting wheat varieties, rapeseed varieties or potatoes varieties.
A possible explanation of the absence of a clear cut effect on the value of PBRs of research exemption is that each applicant actually targets a specific niche and develops new varieties within this niche but does not attempt to compete with other firms outside this niche. Thus, following the logic of horizontal differentiation, the value of PBRs is not affected by the grant of PBRs to competitors because the distance between PBRs of different applicants is sufficiently wide to substantially lessens the effects of competition.
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In order to assess whether farmers' exemption and inventors' exemption significantly affect the value of PBRs compared to what it would amount to in the absence of these exemption rules, a model of renewal decisions suitable for estimation on PBR micro-level data has been developed. The estimation of the model on French PBRs for six major crops over the last decades yields mitigated results as regards the importance of the two exemption rules.
No clear cut evidence of a detrimental impact of research exemption is found. The article thus argues against a strengthening of IPRs in the seed sector that would foster the ability of PBRs' holders to deter competitors from "inventing around"
protected varieties. There is a risk to induce a surge in IPRs application without sizable incidence on the pace of technological progress, as it has been partly observed in other sectors characterized by cumulative innovation (see for instance Hall and Ziedonis, 2001 , for the case of semiconductor following the strengthening of the US patent system in the 1980s). Farmers' exemption is found to have a significant impact on only one of the six crops studied. These results suggest that product differentiation is likely to alleviate the consequences of inventors' exemption whereas farmers' exemption has contrasted consequences depending on the crop in interest.
As a conclusion, there is no strong empirical evidence that a PBRs regime to protect plant variety creation is really less efficient at generating private incentives to innovate compared to a patent regime.
